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ABSTRACT 

Background: Distal radius fractures (DRFs) are mainly treated by surgery; however, there is no strong 
evidence to establish the superiority of one modality over another. 

Aim: To determine the most efficient surgical procedure in terms of restoring anatomical angles in DRFs. 
Methods: This retrospective study was conducted at King Abdulaziz University Hospital, Jeddah between 2010 and 
2016. It involved 31 patients with DRF treated surgically. All patients were assessed pre-and post-operatively to 
measure radial height (RH), radial inclination(RD),ulnar variance (UV) and volar tilt (VT) on posteroanterior and 
lateral radiographs. The Shapiro-Wilk test was performed to determine the normality of measurements. 

Results: Pre-operative variables, including (RH), (RI), (VT), and (UV), were not significantly different among 
patients in all treatment groups. In group 1 (closed reduction with K-wire, external fixation, or both), all the 
pre- and post-treatment variables were significantly different (p < 0.05), except (UV) (p = 0.867). Conversely, 
the difference between pre- and post-measurement variables in group 2 (open reduction with plate and screw) 
was significantly high (p < 0.05). Further, group 3 (open reduction with K-wire plus plate and screws) and 
group 4 (open reduction with K-wire plus plate and screws in combination with external fixation) showed no 
significant difference (p > 0.05). 

Conclusion: Open reduction with plate and screws was highly effective in the management of DRFs. 


However, additional studies are needed to establish an effective management for these fractures. 
Keywords: Distal radial fracture, open reduction, closed reduction, radial inclination. 


INTRODUCTION 


Distal radius fractures (DRFs) are the most 
common fracture among all age groups, particularly in 
pediatric and elderly populations" due to the high rate 
of falls and prevalence of osteoporosis in these age 
groups ®. DRFs account for more than 640,000 of all 
fractures reported annually in the United States ©. 


It is well-known that DRFs need steady reduction 
and internal or external fixation ®. If not properly aligned 
and fixed, fractures lead mostly to post-traumatic arthritis 1. 
Although DRFs are among the most common injuries 
treated by orthopedics, the treatment options are variable 
and remain a topic of debate °®. 


In addition to cast immobilization for 
minimal displacement, “ there are several treatment 
modalities for unstable DRF restoration, including 
closed reduction with either internal fixation (IF) or 
external fixation (EF) and open reduction with 
internal fixation (ORIF) “8) For several years, cast 
immobilization has been the mainstay of treatment ®. 
Nevertheless, an unsystematic trial showed that ORIF 
was superior to casting regarding the prompt ability to 
move the wrist. Additionally, ORIF minimized the 
period needed to regain proper range of motion 
(ROM) and enabled better anatomical reassembling 
of the fragments and articular surface than superior 
casting “'', This finding was reported by other 
investigators who found that ORIF was associated 
with a better radiological outcome when volar 
locking plate fixation was used ®. However, there 
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have been many significant complications reported 
with ORIF, such as tendon rupture, carpal tunnel 
syndrome, and high rates of infections 7". 


While many studies have shown acceptable 
anatomical and functional results with EF, this surgical 
modality increases the risk of displacements in up to 
50% of patients, and it is associated with multiple 
complications, such as pin tract infection, cosmetic 
deformity, and nerve injury “'°'. On the other hand, 
some investigators suggested that EF had remarkably 
refined the radiological measurements (radial length and 
dorsal tilt) in correlation to casting 15. Although IF 
(using K-wire) has the advantage of being reasonable, 
easy to perform, and minimally invasive, ” the 
introduction of variable angle locking plates has led to a 
decrease in the use of this fixation method “”. 


Most authors report the relationship between 
radiographic variables and their influence on the final 
outcome in patients with DRFs ‘'®. Several studies 
proved that in patients with DRFs, it was possible to 
restore function more effectively with anatomical 
restoration than other solutions “®. Further, the 
restoration of volar angulation, radial length, and 
radial inclination were reported to be essential for 
good functional outcomes at the wrist “”. 


There is no consensus on the management of 
DRFs among orthopedic and hand surgeons9. 
However, the main goal of treatment is to reduce the 
DRF anatomically and restore the patient’s level of 
functioning ©. Despite the importance of radiological 
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outcomes of DRFs, a paucity of evidence remains for 
establishing the best surgical technique in terms of the 
restoration of anatomical angles. Therefore, this study 
aims to establish the best surgical technique to restore 
the anatomical angle following surgery for DRFs and 
compare the radiological outcomes of different 
surgical techniques. 


PATIENTS AND METHODS 


From 2010 to 2016, a total of 31 adult patients 
with DRFs were treated at King Abdulaziz University 
Hospital (KAUH), Jeddah, Saudi Arabia. Ethical 
approval was obtained from the Institutional Ethics 
Committee at KAUH (reference number, IEC KMC 
MLR 03-16/45). We retrospectively analyzed the data 
of patients who sustained a DRF and were treated with 
closed reduction with IF fixation alone or combined 
with EF or with open reduction with plate and screws 
alone or in combination with K-wire or EF. 


An Excel sheet was used to collect 
demographic data, including gender, age, and 
nationality; body mass index (BMD); side of injury; 
and the approach and surgical technique used. All 
data collected were stored in a secure file inside the 
hospital where only the main author could access it. 


The approaches were divided into closed 
reduction, dorsal, and volar. Surgical techniques were 
categorized into four groups: group 1 (closed 
reduction with K-wire, external fixation, or both), 
group 2 (open reduction with plate and screws), 
group 3 (open reduction with K-wire plus plate and 
screw), and group 4 (open reduction with K-wire plus 
plate and screws in combination with external 
fixation). 


To evaluate the fracture type and anatomical 
restoration after fixation, the study design largely 
depended on plain radiographs taken during the 
patient’s first visit to the clinic prior to surgery and 
the follow-up visit after surgery (post-operative). The 
radiological parameters measured on posterior- 
anterior (PA) and true lateral radiographs were radial 
height (RH), radial inclination (RI), ulnar variance 
(UV), and volar tilt (VT). 


The reference range for RH is 8-18 
mm,17—20 and it was measured as the distance 
between two lines perpendicular to the long axis of 
the radius—one drawn at the tip of the radial 
styloid, and another drawn at the distal ulnar 
articular surface (Figure 1A)21, 22. 
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Ulnar variance is the vertical distance 
between two lines both perpendicular to the long 
axis of the radius. It ranges between —2 and 4 mm 
17-20. 


In the lateral view, the VT of the distal 
radius articular surface was measured. It ranges 
between 0 and 28 degrees (Figure 1B) 17-21. 


The RH or radial length and RI were 
determined on the PA view. The RI ranges between 
13 and 30 degrees,17—20 and it was determined by 
measuring the angle between a line drawn through 
the radial styloid process and the medial corner of 
the lunate facet and a line drawn perpendicular to 
the long axis of the radius (Figure 1C) 21,22. 





Figure (1): Method used to measure radial height (A), 
volar tilt (B), and radial inclination (C). 

The angles were measured pre- and post- 
operatively or during the follow-up, depending on 
the availability of the patients’ records. To 
determine whether pre- and post-operative 
measurements were significantly different between 
the four treatment groups, the Shapiro-Wilk test 
was used to test the normality of the study’s pre- 
and post-operative sample variables. The test 
revealed that all variables were not normally 
distributed. Therefore, the parametric test ANOVA 
was used for normally distributed variables while 
the non-parametric test the Kruskal-Wallis test was 
used for non-normally distributed variables. 


Significant differences were evaluated by a 
one-way measure ANOVA test. A p-value less than 
0.05 was considered statistically significant. 


RESULTS 


A total of 31 patients (including 19 males) 
were willing to participate in this study. The patients 
were aged between 20 and 88 years. Eleven right- 
hand and 20 left-hand fractures were documented 
(Table 1). 
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Table (1): Summary of patients’ demographic data 


18-30 years 
31—40 years 
41-50 years 


=> 51 years 


Underweight 
Normal weight 
Overweight 
Obese 


BMI, body mass index. 

A comparison of the surgical modalities and 
radiological parameters before surgery  (pre- 
operative) showed that none of the pre-operative 
variables was significantly different between the four 
treatment groups (Table 2). 

Table (2): Comparison of pre-operative radiographic 
measurements in the different groups 


oe 
(n=8) | M=16) | (n=4) (n=3) | value 


18.50 11.30 14.60 | 0.831 


Radial inclination 12.60 
(degrees) 


(mm) 


Reference range: Radial height (11-12 mm), 
radial inclination (22-23 degrees), volar tilt (11-12 
degrees), ulnar variance (normal, -2—2 mm). 





Group definitions: Group 1, closed reduction 
with K wire, external fixation, or both; group 2, open 
reduction with plate and screws; group 3, open 
reduction with K wire plus plate and screws; and 
group 4, open reduction with K wire plus plate and 
screws in combination with external fixation. 


Table 3 shows a summary of ANOVA 
comparison of radiological parameters (RI and VT) 
between the treatment groups post-surgery. 

Table (3): ANOVA comparison of post-operative radial 
inclination and volar tilt in the treatment groups 1. 


Measurements | Group1 | Group2 | Group3 | Group4 | p- 
(n = 8) (n= 16) (n=4) (n=3) | value 


Radial 22.18 25.78 23.98 20.33 
TEN (4.84) (3.98) (2.25) | (2.61) 


Volar tilt 11.73 
(degrees) | 919610) [110169] 3a |7-47G.62)| 0.755 


0.084 


inclination 
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1 Data are presented as mean (standard 
deviation) unless otherwise specified. 


Reference range: Radial inclination (22—23 
degrees), volar tilt (11-12 degrees). 


Group definitions: Group 1, closed reduction 
with K wire, external fixation, or both; group 2, open 
reduction with plate and screws; group 3, open 
reduction with K wire plus plate and screws; and 
group 4, open reduction with K wire plus plate and 
screws in combination with external fixation. 


Table 4 depicts a summary of the Kruskal- 
Wallis comparison of radiological parameters (RH 
and UV) between the treatment groups. None of the 
post-surgery variables were significantly different 
between the four treatment groups (tables 3 and 4). 


Table (4): Kruskal-Wallis comparison of radial 
height and ulnar variance in the treatment groups. 


Treatment Groups 
Measurements (n= 8) (n= 16) (n=4) (n= 3) p- 
50th 50th 50th 50th value 


Reference range: Radial height (11-12 mm), ulnar variance 
(normal, -2—2 mm). 





Group definitions: Group 1, closed reduction 
with K wire, external fixation, or both; group 2, open 
reduction with plate and screws; group 3, open 
reduction with K wire plus plate and screws; and 
group 4, open reduction with K wire plus plate and 
screws in combination with external fixation. 


As shown in tables 5 and 6, not all paired 
variables were the same for each treatment group. The 
mean differences between pre- and post-surgery 
measurements were as follows: 


In group 1, the difference between the mean 
pre- and post-operative RH was significant (p = 0.024). 
Similarly, a significant difference was found between 
the mean pre- and post-operative RI (p = 0.061), as well 
as the pre- and post-operative VT (p = 0.033). 
Conversely, the difference between pre- and post- 
operative UV was not significant (p = 0.363). 


In group 2, the difference between the mean 
pre- and post-operative RI was significant (p <0.001). 
Similarly, a significant difference was found between 
the mean pre- and post-operative RI (p <0.001), pre- and 
post-operative volar tilt (p = 0.045), and pre- and post- 
operative ulnar variance (p = 0.009). 
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In group 3, the difference between the mean pre- 
and post-operative RH (p = 0.180), RI (p = 0.180), VT (p 
= 0.180), and UV (p = 0.317) were not significant. 

In group 4, no statistically significant 
difference was found between the mean pre- and 
post-operative RH (p = 0.180), RI (p = 0.655), VT (p 
= 0.180), and UV (p = 0.180). 


Table (5): Paired sample comparison of radiological 
pre- and post-surgery measurements in group 1 and 
group 2 patients 


Post- 
heat Measwireuienté Pre-Surgery f F, 
P Mean (SD) | Mean (SD) 


Group 2 


Group 1 
(n=7) 


17.94 (5.54) | 26.09 (4.24) | 0.000 
16.43 (10.59) | 10.54 (7.09) | 0.045 
2.53 (2.53) | -0.03 (2.23) | 0.009 


Abbreviations: BMI, body mass index; RH, radial height; RI, radial inclination; 
SD, standard deviation; UV, ulnar variance; VT, volar tilt. 

Reference range: Radial height (11-12 mm), 
radial inclination (22-23 degrees), volar tilt (11-12 
degrees), ulnar variance (normal, -2—2 mm). 


Group definitions: Group 1, closed reduction 
with K wire, external fixation, or both; group 2, open 
reduction with plate and screws. 


Table (6): Wilcoxon paired sample comparison of 
pre- and post-surgery measurements in group 3 and 
group 4 patients. 


Surgery Surgery P- 
Measurements 50th 50th value 
(Median) | (Median) 


Abbreviations: BMI, body mass index; RH, radial height; RI, radial 
inclination; SD, standard deviation; UV, ulnar variance; VT, volar tilt. 


Treatment 
Groups 


Group 3 
(n=4) 


Group 4 
(n=3) 


Reference range: Radial height (11 to 12 mm), 
radial inclination (22 to 23 degrees), volar tilt (11 to 12 
degrees), ulnar variance (normal, -2 to 2 mm). 


Group definitions: Group 3, open reduction 
with K wire plus plate and screws; group 4, open 
reduction with K wire plus plate and screws in 
combination with external fixation. 
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DISCUSSION 


This study was conducted to find the most 
suitable surgical modality for treating DRFs in terms of 
radiological outcomes. The efficacy of different surgical 
modalities was studied in 31 patients treated at KAUH. 
The post-operative radiological measurements for group 
2 patients (ORIF) was significant compared to those of 
patients in the other three groups. 


In a study conducted by Kotian et al. © it was 
established that volar locking plate fixation successfully 
maintained fracture reduction during the post-operative 
monitoring period. Our results are in line with those of 
Kotian et al. who showed that ORIF was the most 
effective treatment to maintain reduction and 
radiological measurements in DRFs because UV and 
VT were effectively restored. It is also well established 
that UV and VT are the most critical radiological 
variables for effective treatment of DRFs “6%, 


Other researchers reported that ORIF offered 
the most favorable anatomical restoration,“ with 
patients being less likely to develop arthritis in 
subsequent years. Furthermore, in our study, patients 
who had closed reduction with IF, or EF, or both 
(Group 1) displayed a significant difference in RH, 
RI, and VT. However, we did not find a significant 
variation between mean UV measurements, which is 
a critical factor for assessing treatment efficacy in 
DRFs ‘'°?). This finding is consistent with those of 
other investigators who did not find a significant 
difference in UV in patients who had EF or IF.24 
Similarly, in another study," the authors showed a 
significant improvement in dorsal tilt and RH in 
fractures treated with EF. Conversely, Yang et al. °” 
posited that EF and IF (K-wire) were undesirable and 
perhaps not the ideal choice for all DRFs. 


Another important index that can be used to 
assess the best treatment modality is ROM, including 


flexion, extension, pronation, supination, radial 
deviation, and ulnar deviation © 
We acknowledge that our study has 


limitations. First, it has all the shortcomings inherent 
to retrospective studies. Thus, the accuracy of our 
data may be questionable due to missing information 
in patients’ medical records. Second, only 31 patients 
were enrolled in our study. The relatively small 
number of patients maybe due to the stringent 
selection of patients at our tertiary care center, which 
typically accepts cases with complex fractures. That 
being the case, the findings of the present study 
cannot be generalized to patients managed in other 
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centers. Despite that, we believe data from the present 
study can be used for comparison in future studies. 
Therefore, future research is warranted to investigate 
these surgical modalities in DRF management, 
confirm our findings, and test clinical applications. 
Furthermore, all aspects, including indications, 
advantages, and complications, as well as radiological 
and functional outcomes, should be considered in the 
assessment of different surgical modalities. 


CONCLUSION 


ORIF with plate and screws was the most 
effective surgical modality for the management of 
DRFs in terms of radiological restoration. However, 
additional studies are needed to establish an effective 
modality for the management of these fractures. 
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